American firms to credibly signal quality improvements. Such institutions are also a required part of a minerals-intensive economy that is industrialising.
but from a more extensive exploration and exploitation of that endowment.
This resulted, argues Wright and Paul David, from a combination of liberal property rights, public geological research and extensive university-industry links.
3 How these insitutions (and to a lesser extent the factors highlighted by the earlier literature) created a competitive advantage for American firms, when competing with European firms, beyond presuming they lowered costs for American firms, has not been directly examined.
The American portland cement industry is an excellent case study for such an examination. It is a minerals-intensive industry, being manufactured by burning, using mineral fuels, limestone and clay in large kilns. Secondly, the industry rose to prominence during the 1890s -the decade Wright identifies as the beginning of international leadership. Before the 1890s, American portland cement manufacturers supplied just 3% of the market, with the rest being supplied by American natural cement manufacturers and imports from Europe. By 1913, American portland cement production is the largest in the world and it supplied nearly 99% of a domestic market nearly ten times the size of that in 1890. Thirdly, there is also evidence of public geological research and university-industry links playing a role in the rise of the industry. In addition, despite its highly visible role, in the form of concrete, in construction and urbanisation, the cement industry has been relatively neglected by economic historians.
4
While there is qualitative evidence that public geological research and university-industry links assisted the development of the American cement industry, a more systematic search by estimating a structural entry model for two periods, 1889 to 1899 and 1900 to 1913, failed to find any statistically 3 David and Wright,"Increasing Returns". 4 Marchildon, "Portland" is a notable exception.
significant relationship. This suggests that while the institutions identified by Wright and David played a contributing role, for the cement industry, their contribution was not so large so to be easily detectable using relatively crude measures of their contribution. The successful adoption of the rotary kiln, resulting from a temporary abundance of fuel oil, supported by an increase in demand due to the diffusion of reinforced concrete appear to be the main determinants of the rise. The rotary kiln, though invented in England, increased both the capital intensity and mineral intensity (through increased fuel consumption) of cement production. Hence, the explanation for the development of the cement industry is largely consistent with the general explanation of the rise of American industry that has developed in the literature. However, our close examination of competition between US and European cement producers suggests that as well as reducing costs and improving quality, American producers also had to overcome an asymmetric information problem related to their quality. The endorsements of private testing laboratories, as well as universities, with well established reputations, enabled American firms to credibly signal quality improvements. Such institutions are also a required part of a minerals-intensive economy that is industrialising.
THE ORIGINS OF AMERICAN INDUSTRIAL SUCCESS
In three papers Wright and David arge the origin of American industrial success was the national ability to locate and develop its mineral resources.
These resources were then converted into manufactured goods that were exported.
5
There are two parts to the contribution of Wright and David. place the geological surveys around the beginning of these developments:
9
Provision of geological information was perhaps the most important initial step in the collective enterprise of resource discovery and exploitation.
Liberal property rights also develop before the Civil War with the mining education system developing shortly after though the United States Geological Survey did not commence until 1879.
In order to test the Wright-David arguments, we need to present an alternative hypothesis. Two possibilities are as follows:
• Resource discoveries did not result from the institutions described by David and Wright.
• Institutions other than those identified by Wright and David were required for industrialization.
One complementary (rather than alternative) institution to those identified in David and Wright, which is mentioned by Wright, is that a transportation network is required before resources can be developed. with vertical kilns, it used much less labor but more fuel and material handling was mechanised. Hence, it increased the capital and resource intensity of cement production, as well as the speed and scale of production.
It is important to note that contemporary sources attribute the successful development of the kiln to abundant supplies of fuel oil. Stanger and Blount,
English engineers who assisted with the unsuccessful attempts to develop the rotary kiln state 25 :
In this task they were much aided by the fact they could use petroleum -a fuel too dear to be employed here. The ease with which the temperature of the kiln could be controlled when a jet of burning petroleum was the source of heat allowed many somewhat crude attempts to reach a qualified success.
Similarly, Pierre Giron, a chemist at the Atlas Cement Works states 26 :
As the matter stands now, however, the Rotary Kiln can be successfully operated only in localities where crude oil is abundant and cheap ... 23 Hadley, "Magic". 24 Francis, "History"; Lathbury and Spackman, "American". 25 Stanger and Blount, "Rotatory", p57.
26 Giron, "Burning", p213.
The sources of this abundant and cheap crude oil were recent discoveries of oil fields at Lima, Ohio, and Los Angeles, California, where the oil contained impurities that made it unusable for illumination so it was used for fuel.
27
The question remains as to whether the institutions highlighted by David cement becomes the largest source of portland cement and, by 1900, overtakes natural cement. In 1898, domestic portland cement produced using rotary kilns, exceeds domestic portland produced using vertical kilns. After 1900, all three competing types of cement rapidly decline in relative and, eventually, absolute size.
Note that the dominance of the natural cement industry in 1890 cannot be attributed to the geological surveys. In Table 3 The first thing to note when discussing competition with imports is that in the 1880s and early 1890s, as shown in market reports between 1878 and 1887 in the trade journal Manufacturer and Builder, and as noted in the Cement chapters of the 1890s, imported portland cement typically trades at a higher price than domestic portland. The combination of higher prices and greater quantities for imported portland, compared with domestic portland, is consistent with the regular references in the cement chapters, and other contemporary sources, to the superiority of imported cements, particularly from Germany. The superiority of German cement seems largely due to the introduction of systematic quality control by trained chemists dating from the 1870s. In the 1880s, official standardised product and testing specifications were also adopted -which did not occur in the United Kingdom or the United States until the 1900s.
35
There is evidence that American manufacturers did, initially, produce lower quality cement. Miller discusses quality control problems by the first American producer. Frederick Lewis, an engineer at Booth, Garrett & Blair, a testing company, is quoted by Lesley as suggesting that until the 1890s
there were quality problems due primarily to a lack of skilled kiln opera- In referring to all this testing of cement as part of the commercial development of the industry, it must be understood that there was required such work as was done by testing laboratories of established reputation before the American cement could acquire merited standing.
39 This is supported by new vertical kiln plants being built as late at 1897, and new vertical kilns being installed in 1899. 40 Rosenberg, "Commercial", has stressed the importance of materials testing in this period, including a brief discussion of cement and concrete. and credibility developed during this period could then be used to certify the quality of the product of the cement industry as it expanded.
On the basis of the evidence assembled here, we cannot immediately single out or eliminate most of these potential causes. While the rise in consumption of natural and imported portland cement up until 1900 as well as domestic portland cement produced using vertical kilns suggests potential roles for increased demand and protection, the substantial fall in the real 42 Brown, "Directory".
43 Lesley et al. state private testing firms not only certified but actively assisted domestic manufacturers to overcome quality control problems and in relationships with customers. 44 Wright, "Can a Nation". 45 Misa, "Nation"; and Rosenberg, "Commercial". The real fall is even larger if quality improvements are taken into account. The head of the testing laboratory in Philadelphia in 1898 states "The city is using to-day cement over 50 per cent stronger than that used during 1892, and a cost of from 50 to 60 cents per barrel less. Nearly every barrel of this material is American cement" (statement by Richard L. Humphrey in discussion accompanying Lesley,"History"). The entry model, which we adapt from earlier work discussed below, begins with the idea that entry will occur only if a firm believes that entry is profitable. Profits, in this literature, is specified as having three components.
First there is variable profits which is the product of market size and profitability per unit sold. Second there are entry costs which can be considered as including any scale-free costs or benefits of entry. This gives rise to the following equation:
However, as much of this data is typically unavailable to researchers, the standard practice is to replace each of these variables with a set of proxies, which we specify below. Before proceeding it is important to discuss how the specifics of our case leads our approach to differ significantly from ear- Even if we were willing to define markets, we would be reluctant as the Bresnahan and Reiss type models assume a degree of symmetry and equilibrium that is not appropriate for the early development of the cement industry (and probably at the birth of other industries). Finally, also note that most plants in our sample operate for at least a decade and often decades, though some do only operate for short periods. Unlike many new industries, except for two states, there are no shake-outs.
A second difference in our application is that most of these studies are cross-sectional, except for the paper by Otto Toivanen and Michael Waterson which estimates two models with annual data. 49 We divide the sample into effectively two periods: 1889 -1899 and 1900 -1913. As we argue both demand and technology changes dramatically between 1889 and 1913 it is unlikely that a single model estimated with multiple periods will hold. Likelihood ratio tests for a reduced form probit confirm this, rejecting a single specification to an alternative two period specification in all cases. We break the sample period at 1900 as this is when the coal-fired rotary kiln becomes 48 Bresnahan and Reiss, "Entry and Competition". (1). 50 We find that the linear specification yielded for many markets predicted negative market sizes. This problem is probably avoided by the earlier work because of the relative homogeneity of markets considered. Our application means we cannot avoid including markets of substantially different sizes and construction is probably not linearly related to population so we wish to allow for some non-linearity in the relationship.
Hence we use a hybrid specification as follows:
As we do not observe profits, we instead use as the dependant variable a dummy variable, entry, which takes the value of 1 if entry takes place.
Note that if more than one firm enters, all variables are constructed for the first entrant. Hence we do not make any use on the number of entrants in a market. If entry does not take place, we construct all variables for the first 50 Dranove et al., "Differentiation and competition".
entrant in a subsequent period e.g. we count the number of competitors that entrant would have faced at the end of the period, not when they do enter.
If all entry occurs before the end of the first period, this county is dropped for the second period. Hence we have 168 counties in the first period and 155 counties in the second period. A small number of counties are not included as all entry takes place before 1889.
The variables we use are defined in Table 4 , though more detail on their construction is provided in an appendix. The first set of variables control for market size. Because construction is not available, we resort to the standard measure of population, Pop. In addition, we add measures of the share of the population living in urban areas, urbshr, and growth in railroad mileage, rrdgr. The urbanisation share is included to capture a greater intensity of demand for concrete and cement in urban areas. The growth in railroad mileage is included to capture the effects of an increased railroad mileage.
As the effect of greater mileage is to increase the degree the firm can reach its market this variable is included in the determinants of market size.
Three sets of variables are used to control for factors affecting profitability.
To control for the affect of the availability of oil, we include a dummy for counties near where fuel oil is produced oil. This is included only in the first period. As is more standard in these models, we control for competition from imports, import and the number of firms producing portland cement pc400
and number of plants producing natural cement nc400 within 400 miles of the plant. While most firms in the industry have one plant, in the natural cement industry during the 1890s there were active cartels. However, to treat these groups of plants as a single plant would be in some cases, because of the numbers involved, inaccurate. As firms may also learn about the location of resources by observing other plants producing there we include two other dummy variables. The first controls for previous production of portland cement in the county, prpc or, if there was no previous portland cement production, natural cement production, prnc.
ECONOMETRIC EVIDENCE
We report the results of estimating the entry model for both periods in Table 5 . The main finding is that there is not strong evidence that information provided in the geological surveys systematically reduced entry costs.
However, there is also not overwhelming evidence in favor of the growth of railroad mileage as being a critical contribution either.
We will discuss the results for the first period. For low levels of urban-isation, less than about 14.24%, there is a negative relationship between urbanisation and the likelihood of entry. All of the 51 counties in this range are in the western, plain and southern states, with the boundary county being Hays, TX, which is in between Austin and San Antonio. Hence, the relationship is positive for most counties. Surprisingly the growth of railroad mileage enters negatively. This is probably picking up a demand effect as it tends to be areas with low mileage with the most rapid growth. There is not an overwhelming effect of increasing density of railroads opening up markets for cement though. In the profitability variables, oil enters significantly negative which is also surprising. Imports have a significant positive effect, probably reflecting that markets which were potentially importable tended also have higher demand. The effect of natural cement is positive for low number of plants (less than 27). This implies that on the East Coast and some plants near the Louisville cluster of natural cement plants, the competitive effects outweighed any other benefits from being located near a natural cement plant. In the first period it was not possible to get a model including measures of competition from Portland cement firms to converge. This is perhaps not surprising as domestic Portland cement production was such a small portion of the domestic market being near a competitor had little effect on an entrant either way. Finally, examining the effect of the variables on entry costs, the measure of geological survey contribution has the wrong sign but is not even close to significant. However, having either portland cement production or natural cement production previously in the county effectively reduces the entry costs. Interestingly the effect is larger for natural cement production.
In the second period, the results change. For areas with an urbanisation share of less than 44.1% the effect of urbanisation is positive. An example of a boundary county is Berkeley, WV, which is near Washington DC. This includes 101 counties. Railroad growth has now a positive significant effect on market size. These results in combination suggest that after early entry took place in the most urbanised and largest markets, in the later period entry diffused to the smaller, less urbanised and more rapidly growing areas.
In the variable affecting profitability, import now is positive but statistically insignificant. Natural cement has a positive effect if there are less than about 6 plants -this covers all areas except for a few on the east coast. With
Portland cement, the effect is now as expected, negative unless there are more than 43 competitors. Only 12 counties are covered by this -either counties on the great lakes or in areas in between several large groups of firms like in Western Pennsylvania, West Virginia and Ohio. Being in an area identified as containing raw materials now reduces entry costs but with a p-value of 0.237. Being in an area with previous natural cement production also has an insignificant effect and smaller than being in a county with previous Portland cement production which now almost doubles the effect.
CONCLUDING REMARKS
The rise of the American portland cement industry is another example of how factor endowments, in particular minerals abundance, combined with innovation led to a particular form of industrialisation in the United States.
There is qualitative evidence that suggests that the state geological surveys and university-industry links, institutions highlighted in recent work by David and Wright, contributed Import Capturing import competition is complicated by the river and lake system. We state a county is faced by import competition if it features the following:
• Coastal
• On or near the inland river system as far as Kansas City, St. Louis or Cincinatti, Columbus, Indianapolis.
• On the Great Lakes
• Next to a customs district county on the coast, river or lake systems.
Oil Two oil fields are identified as producing fuel oil: Los Angeles and Lima (which includes counties in Ohio and Indiana). Counties were identified from Williamson, "American Petroleum", and Oil chapters in USGS reports. Number of firms producing portland cement operating within 400 miles nc400
Number of plants producing natural cement operating within 400 miles fmh Dummy variable equals 1 if a USGS publication identified raw materials subsequently used prpc Dummy variable equals 1 if Portland cement production occurred in the county before the current entrant prnc Dummy variable equals 1 if Natural cement production, and no Portland cement production occurred in the county before the current entrant * Squared versions of these variables are used as well Source: Text and Appendix 
